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TECHNIQUES FOR MANAGING CONTEXT and ( ii ) restoring the context information when an inadver 
INFORMATION FOR A STORAGE DEVICE tent shutdown renders the context information out - of - date . 
WHILE MAINTAINING RESPONSIVENESS For example , the central processing unit ( CPU ) of a given 

computing device can be prevented from processing other 
CROSS - REFERENCE TO RELATED 5 tasks ( e.g. , data read requests , data write requests , etc. ) each 

APPLICATIONS time the CPU writes - out the context information from the 
volatile memory to the non - volatile memory . In this regard , 

The present application is a divisional of U.S. application large - sized context information can compromise the overall 
Ser . No. 16 / 136,189 , filed Sep. 19 , 2018 , entitled “ TECH- rate of responsiveness exhibited by the computing device , 
NIQUES FOR MANAGING CONTEXT INFORMATION 10 thereby degrading the overall user experience . 
FOR A STORAGE DEVICE WHILE MAINTAINING Consequently , there exists a need for an improved tech 
RESPONSIVENESS , " issued Dec. 1 , 2020 as U.S. Pat . No. nique for managing context information for data stored on 
10,8 3,199 , the content of which is incorporated herein by SSDs to ensure that acceptable performance metrics remain 
reference in its entirety for all purposes . intact even as the size of the context information scales with 

15 the ever - increasing capacities of SSDs . 
FIELD 

SUMMARY 
The described embodiments set forth techniques for man 

aging context information for data stored in a non - volatile The described embodiments set forth techniques for man 
memory ( e.g. , a solid - state drive ( SSD ) ) of a computing 20 aging context information for data stored in a non - volatile 
device . In particular , the techniques involve segmenting the memory ( e.g. , a solid - state drive ( SSD ) ) of a computing 
context information to increase the granularity by which it is device . In particular , the techniques involve partitioning the 
transmitted between a volatile memory ( e.g. , a random- context information into a collection of " slices ” that increase 
access memory ( RAM ) ) and the non - volatile of the com- the granularity by which the context information is trans 
puting device , which can substantially enhance operational 25 ferred between a volatile ( e.g. , a random - access memory 
efficiency ( RAM ) ) memory and the non - volatile of the computing 

device . In this manner , periodic saves of the context infor 
BACKGROUND mation as well as restorations of the context information in 

response to inadvertent shutdowns — can be performed more 
Solid state drives ( SSDs ) are a type of storage device that 30 efficiently . 

share a similar footprint with ( and provide similar function- Accordingly , one embodiment sets forth a method for 
ality as ) traditional magnetic - based hard disk drives managing context information for data stored within a 
( HDDs ) . Notably , standard SSDs — which utilize “ flash ” non - volatile memory of a computing device . According 
memory can provide various advantages over standard some embodiments , the method can be implemented at the 
HDDs , such as considerably faster Input / Output ( 1/0 ) per- 35 computing device , and include the steps of ( 1 ) loading , into 
formance . For example , average I / O latency speeds provided a volatile memory of the computing device , the context 
by SSDs typically outperform those of HDDs because the information from the non - volatile memory , where the con 
I / O latency speeds of SSDs are less - affected when data is text information is separated into a plurality of slices , and 
fragmented across the memory sectors of SSDs . This occurs each slice of the plurality of slices is separated into a 
because HDDs include a read head component that must be 40 plurality of sub - slices , ( 2 ) writing transactions into a log 
relocated each time data is read / written , which produces a stored within the non - volatile memory , and ( 3 ) each time a 
latency bottleneck as the average contiguity of written data condition is satisfied : identifying a next sub - slice to be 
is reduced over time . Moreover , when fragmentation occurs processed , where the next sub - slice is included in the 
within HDDs , it becomes necessary to perform resource- plurality of sub - slices of a current slice being processed , 
expensive defragmentation operations to improve or restore 45 identifying a portion of the context information that corre 
performance . In contrast , SSDs , which are not bridled by sponds to the next sub - slice , where the portion is encoded in 
read head components , can preserve I / O performance even a first format , converting the portion from the first format to 
as data fragmentation levels increase . SSDs also provide the a second format , and writing the portion into the non - volatile 
benefit of increased impact tolerance ( as there are no moving memory . 
parts ) , and , in general , virtually limitless form factor poten- 50 Another embodiment sets forth a method for restoring 
tial . These advantages combined with the increased avail- context information when an inadvertent shutdown of a 
ability of SSDs at consumer - affordable prices — make SSDs computing device occurs . According to some embodiments , 
a preferable choice for mobile devices such as laptops , the method can be implemented by a computing device , and 
tablets , and smart phones . include the steps of ( 1 ) identifying the context information 

Despite the foregoing benefits provided by SSDs , some 55 within a non - volatile memory of the computing device , 
drawbacks remain that have yet to be addressed . In particu- where the context information is separated into a plurality of 
lar , for a given SSD , the size of the organizational data for slices , and each slice of the plurality of slices is separated 
managing data stored on the SSD referred to herein as into a plurality of sub - slices , ( 2 ) accessing a log stored 
" context information ” —scales directly with the amount of within the non - volatile memory , and ( 3 ) for each slice of the 
data managed by the SSD . This presents a problem given 60 plurality of slices : loading the plurality of sub - slices of the 
that the overall storage capacities of SSDs are only increas- slice into a volatile memory of the computing device , and in 
ing with time , thereby leading to increased size requirements response to identifying , within the log , that at least one 
for the context information . Consequently , large - sized con- transaction ( i ) applies to the slice , and ( ii ) occurred after a 
text information for a given SSD can lead to performance last write of the slice into the non - volatile memory : updating 
bottlenecks with regard to both ( i ) writing the context 65 the slice to reflect the at least one transaction . 
information from a volatile memory ( e.g. , a random - access Other embodiments include a non - transitory computer 
memory ( RAM ) ) into a non - volatile memory of the SSD , readable storage medium configured to store instructions 

a 
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that , when executed by a processor included in a computing the presently described embodiments . Other applications are 
device , cause the computing device to carry out the various possible , such that the following examples should not be 
steps of any of the foregoing methods . Further embodiments taken as limiting . 
include a computing device that is configured to carry out The embodiments disclosed herein set forth techniques 
the various steps of any of the foregoing methods . 5 for managing context information for data stored within a 

Other aspects and advantages of the embodiments non - volatile memory ( e.g. , a solid - state storage device 
described herein will become apparent from the following ( SSD ) ) of a computing device . In particular , the techniques 
detailed description taken in conjunction with the accom involve partitioning the context information into a collection 
panying drawings which illustrate , by way of example , the of “ slices ” in order to increase the granularity by which the 
principles of the described embodiments . 10 context information is transmitted between a volatile 

memory ( e.g. , a random - access memory ( RAM ) ) of the 
BRIEF DESCRIPTION OF THE DRAWINGS computing device and the non - volatile memory of the com 

puting device . Moreover , each slice can be segmented into 
The included drawings are for illustrative purposes and a collection of " sub - slices ” in order to further - increase the 

serve only to provide examples of possible structures and 15 granularity by which the context information is transmitted 
arrangements for the disclosed inventive apparatuses and between the volatile memory and the non - volatile memory 
methods for providing wireless computing devices . These of the computing device . In this manner , an overall rate of 
drawings in no way limit any changes in form and detail that responsiveness exhibited by the computing device can be 
may be made to the embodiments by one skilled in the art improved , as a central processing unit ( CPU ) of the com 
without departing from the spirit and scope of the embodi- 20 puting device can periodically transition to handling pending 
ments . The embodiments will be readily understood by the read / write requests at each conclusion of processing a cur 
following detailed description in conjunction with the rent slice / sub - slice of the context information . Additionally , 
accompanying drawings , wherein like reference numerals when an inadvertent shutdown of the computing device 
designate like structural elements . occurs — and the context information is not up - to - date within 
FIGS . 1A - 1B illustrate block diagrams of different com- 25 the non - volatile memory — the slices of which the context 

ponents of a system that is configured to implement the information is comprised can be sequentially accessed / 
various techniques described herein , according to some restored ( e.g. , based on logged transaction information ) , 
embodiments . which further - reduces latency in comparison to restoring the 
FIG . 2 illustrates a conceptual diagram of an exemplary context information in its entirety . 

approach that can be used to disparately distribute slices / 30 FIG . 1A illustrates a block diagram 100 of a computing 
sub - slices of context information over a sequential range of device 102 e.g. , a smart phone , a tablet , a laptop , a 
logical base addresses ( LBAs ) associated with a non - volatile desktop , a server , etc. — that can be configured implement 
memory , according to some embodiments . the various techniques described herein . As shown in FIG . 

FIGS . 3A - 3C illustrate conceptual diagrams of an exem- 1A , the computing device 102 can include a processor 104 
plary approach that can be used to output a slice of context 35 that , in conjunction with a volatile memory 106 ( e.g. , a 
information stored in a volatile memory to a corresponding dynamic random - access memory ( DRAM ) ) and a storage 
slice of context information stored in a non - volatile memory , device 114 ( e.g. , a solid - state drive ( SSD ) ) , enables different 
according to some embodiments . software entities to execute on the computing device 102 . 

FIGS . 4A - 4B illustrate how different formats can be For example , the processor 104 can be configured to load , 
utilized when storing context information within a volatile 40 from the storage device 114 into the volatile memory 106 , 
memory and a non - volatile memory , according to some various components for an operating system ( OS ) 108. In 
embodiments . turn , the OS 108 can enable the computing device 102 to 
FIGS . 5A - 5H provide conceptual diagrams of an example provide a variety of useful functions , e.g. , loading / executing 

scenario in which the various techniques described herein various applications 110 ( e.g. , user applications ) . It should 
can be utilized to improve the overall operational efficiency 45 be understood that the various hardware components of the 
of a computing device , according to some embodiments . computing device 102 illustrated in FIG . 1A are presented at 
FIG . 6 illustrates a method for managing context infor- a high level in the interest of simplification , and that a more 

mation for data stored within a non - volatile memory of a detailed breakdown is provided below in conjunction with 
computing device , according to some embodiments . FIG . 8. Additionally , it should be understood that the various 

FIG . 7 illustrates a method for restoring context informa- 50 components included in the computing device 102 of FIG . 
tion when an inadvertent shutdown of a computing device 1 are illustrated / discussed in a singular sense in the interest 
occurs , according to some embodiments . of simplifying this disclosure , and that any of these com 
FIG . 8 illustrates a detailed view of a computing device ponents can represent two or more components without 

that can be used to implement the various components departing from the scope of this disclosure . 
described herein , according to some embodiments . According to some embodiments , and as shown in FIG . 

1A , the storage device 114 can include a controller 116 that 
DETAILED DESCRIPTION can be configured to orchestrate the overall operation of the 

storage device 114. For example , the controller 116 can be 
Representative applications of apparatuses and methods configured to process input / output ( I / O ) requests — referred 

according to the presently described embodiments are pro- 60 to herein as “ transactions ” _issued by the OS 108 / applica 
vided in this section . These examples are being provided tions 110 to the storage device 114. According to some 
solely to add context and aid in the understanding of the embodiments , the controller 116 can include a parity engine 
described embodiments . It will thus be apparent to one for establishing various parity information for the data 
skilled in the art that the presently described embodiments stored by the storage device 114 to improve overall recovery 
can be practiced without some or all of these specific details . 65 scenarios . Additionally , the storage device 114 can include a 
In other instances , well known process steps have not been non - volatile memory 118 ( e.g. , flash memory ) that includes 
described in detail in order to avoid unnecessarily obscuring hardware components capable of storing digital information . 
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For example , the non - volatile memory 118 can be composed ments , the first and second - tier entries can store data in 
of a collection of dies . According to some embodiments , accordance with different encoding formats that coincide 
different “ bands ” can be established within the non - volatile with the manner in which the non - volatile memory 118 is 
memory 118 , where each band spans the collection of dies . partitioned into different sectors . For example , when each 
It is noted that one or more of the dies can be reserved by 5 sector represents a 4 KB sector of memory , each first - tier 
the storage device 114e.g. , for overprovisioning - based entry can correspond to a contiguous collection of two 
techniques — such that a given band can span a subset of the hundred fifty - six ( 256 ) sectors . In this regard , the value of a 
dies that are available within the non - volatile memory 118 . given first - tier entry can indicate whether the first - tier entry 
In this regard , the overall “ width ” of a band can be defined ? ( 1 ) directly refers to a physical location ( e.g. , an address of 
by the number of dies that the band spans . Continuing with 10 a starting sector ) within the non - volatile memory 118 , or ( 2 ) 
this notion , the overall " height " of the band can be defined directly refers ( e.g. , via one or more pointers ) to one or more 
by a number of “ stripes ” into which the band is separated . second - tier entries . According to some embodiments , when 
Additionally , and according to some embodiments , each condition ( 1 ) is met , it is implied that all ( e.g. , the two 
stripe within the band can be separated into a collection of hundred fifty - six ( 256 ) ) sectors associated with the first - tier 
pages , where each page is disposed on a different die of the 15 entry are contiguously written , which can provide a com 
non - volatile memory 118. For example , when a given band pression ratio of 1/256 . More specifically , this compression 
spans five different dies — and is composed of five different ratio can be achieved because the first - tier entry stores a 
stripes — a total of twenty - five ( 25 ) pages are included in the pointer to a first sector of the two hundred fifty - six ( 256 ) 
band , where each column of pages is disposed on the same sectors associated with the first - tier entry , where no second 
die . In this manner , the data within a given band can be 20 tier entries are required . Alternatively , when condition ( 2 ) is 
separated across the non - volatile memory 118 in a manner met , information included in the first - tier entry indicates ( i ) 
that enables redundancy - based protection to be established one or more second - tier entries that are associated with the 
without significantly impacting the overall performance of first - tier entry , as well as ( ii ) how the information in the one 
the storage device 114 . or more second - tier entries should be interpreted . Using this 
As shown in FIG . 1A , the aforementioned bands managed 25 approach , each second - tier entry can refer to one or more 

by the storage device 114 can include a log band 120 , a sectors , thereby enabling data to be disparately stored across 
context band 122 , and a data band 124. According to some the sectors of the non - volatile memory 118. It is noted that 
embodiments , transaction information associated with the a more detailed description of the formatted context infor 
context band 122 / data band 124.g. , details associated mation 160 , involving first - tier entries and second - tier 
with I / O requests processed within the computing device 30 entries , is provided below in conjunction with FIG . 4A . 
102 can be written into the log band 120. According to However , the indirection techniques set forth herein should 
some embodiments , one or more log buffers 111 managed not be construed as limiting in any fashion . On the contrary , 
within the volatile memory 106 can be utilized tempo- the embodiments can utilize any approach for implementing 
rarily store the transaction information prior to writing the the context information without departing from the scope of 
transaction information into the log band 120 of the non- 35 this disclosure . 
volatile memory 118. As described in greater detail herein , Additionally , it is shown that the context information 
this transaction information can be utilized to restore context 123 — which , as previously described above , corresponds to 
information stored in the content of the context band 122 the context information 112 — can be segmented into a 
when an inadvertent shutdown of the computing device 102 collection of slices 154 that respectively correspond to the 
renders at least a portion of the context information out - of- 40 slices 152 of the context information 112. Moreover , the 
date . According to some embodiments , the content stored in slices 154 can be segmented into a collection of sub - slices 
the context band 122 can include context information 123 154 that respectively correspond to the sub - slices 152 of the 
that provides a mapping table for data stored within the data slices 152. As previously noted herein , each slice 154 can be 
band 124. As described in greater detail herein , the context encoded in accordance with a second format , which is 
information 123 can be stored within the volatile memory 45 illustrated in FIG . 1B as format - agnostic context informa 
106 as context information 112 , where the context informa- tion 162. According to some embodiments , the format 
tion 112 is encoded differently than the context information agnostic approach can enable the context information 123 
123. In this regard , the processor 104 can be configured to stored on the solid - state storage device 114 to be highly 
periodically read / encode the context information 112 into flexible . For example , the format - agnostic context informa 
the context information 123 in a segmented fashion . 50 tion 162 can be stored in a simplified format that describes 

Turning now to the conceptual diagram 150 illustrated in the basic layout of data on the storage device 114 relative to 
FIG . 1B , it is shown that the context information 112 stored logical base addresses ( LBAs ) associated with the non 
in the volatile memory 106 can be segmented into a collec- volatile memory 118. This simplified approach provides 
tion of slices 152 , which , as described in greater detail enhanced flexibility in that the computing device 102 can , 
herein , increases the granularity by which the context infor- 55 when loading the context information 123 into the volatile 
mation 112 can be transmitted between the volatile memory memory 106 ( e.g. , during a boot of the computing device 
106 and the non - volatile memory 118. Moreover , each slice 102 ) , convert the context information 123 into any desired 
152 can be segmented into a collection of sub - slices 152 . encoded format that increases the overall operational effi 
As a brief aside , and as previously noted herein , each slice ciency of the computing device 102. For example , utilization 

152 can be encoded in accordance with a first format , which 60 of the indirection approaches described herein can reduce an 
is illustrated in FIG . 1B as formatted context information overall amount of memory consumed by the context infor 
160. According to some embodiments , the formatted context mation 112 , a speed at which lookups can be carried out 
information 160 can be organized into a hierarchy that against the context information 112 , and so on . A more 
includes , at most , first and second depth levels . In particular , detailed description of the format - agnostic context informa 
the first depth level can correspond to a collection of first - tier 65 tion 162 is provided below in conjunction with FIG . 4B . 
entries , while the second depth level can correspond to a Additionally , although not illustrated in FIG . 1B , it should 
collection of second - tier entries . According to some embodi- be understood that each of the slices 152 / slices 154 as well 
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as the sub - slices 152 / sub - slices 154 can include any infor- information 112 of the slice 152-1 stored in the volatile 
mation to enable the techniques set forth herein to be memory 106 to ( 2 ) the context information 123 of a corre 
properly implemented . For example , metadata for a given sponding slice 154-1 stored in the non - volatile memory 118 . 
slice can set forth descriptive information , e.g. , an index of According to some embodiments , this procedure can involve 
the slice ( relative to the other slices ) , a size of the slice , a 5 the computing device 102 ( 1 ) identifying the first sub - slice 
number of sub - slices associated with the slice and so on . 152-1.1 of the slice 152-1 , ( 2 ) obtaining the formatted 
Moreover , it should be understood that each slice 152 / slice context information 160-1.1 associated with the sub - slice 
154 — as well as the sub - slices thereof — include the respec- 152.1.1 , ( 3 ) converting , via a conversion procedure 304-1 , 
tive portion of the context information to which they cor- the formatted context information 160-1.1 to format - agnos 
respond . 10 tic context information 162-1.1 , and ( 4 ) writing the format 

Accordingly , FIGS . 1A - 1B provide high - level overviews agnostic context information 162-1.1 into a buffer 302 
of the manner in which the computing device 102 can be included in the volatile memory 106. In turn , the format 
configured to implement the techniques described herein . A agnostic context information 162-1.1 stored in the buffer 302 
more detailed explanation of these techniques will now be can be injected into the corresponding sub - slice 154-1.1 of 
provided below in conjunction with FIGS . 2-8 . 15 the slice 154-1 stored in the non - volatile memory 118 . 

FIG . 2 illustrates a conceptual diagram 200 of an exem- Turning now to FIG . 3B , a second conceptual diagram 
plary approach that can be used to disparately distribute 300-2 involves the computing device 102 being tasked with 
slices / sub - slices of context information over a sequential ( 1 ) identifying the second sub - slice 152-1.2 of the slice 
range of LBAs associated with the non - volatile memory 152-1 , ( 2 ) obtaining the formatted context information 160 
118 , according to some embodiments . It is noted that , in the 20 1.2 associated with the second sub - slice 152.1.2 , ( 3 ) con 
interest of simplifying this disclosure , FIG . 2 illustrates verting , via a conversion procedure 304-2 , the formatted 
sub - slices 152 ( of slices 152 ) of the context information 112 context information 160-1.2 to format - agnostic context 
stored in the volatile memory 106 , and that the same information 162-1.2 , and ( 4 ) writing the format - agnostic 
distribution can apply to sub - slices 154 ( of slices 154 ) of the context information 162-1.2 into the buffer 302. In turn , the 
context information 123 stored in the non - volatile memory 25 format - agnostic context information 162-1.2 stored in the 
118. As shown in FIG . 2 , the context information 112 can be buffer 302 can be injected into a corresponding sub - slice 
separated into a number of K slices 152 ( i.e. , “ slice 152 - K ” ) , 154-1.2 of the slice 154-1 stored in the non - volatile memory 
and each slice 152 - K can be segmented into a number of J 118 . 
sub - slices ( i.e. , “ sub - slice 152 - K.J ” ) . In this regard , each Additionally , a third conceptual diagram 300-3 illustrated 
sub - slice 152 corresponds to a respective portion of LBAS 30 in FIG . 3C sets forth that the same techniques described 
202 associated with the non - volatile memory 118 ( illustrated above in conjunction with FIGS . 3A - 3B can be applied to 
in FIG . 2 as a non - volatile memory LBA range 204 ) . In each successive sub - slice 152-1.J of the slice 152-1 until all 
particular , and as shown in FIG . 2 , each sub - slice 152 of of the sub - slices 152-1.J of the slice 152-1 have been 
each slice 152 can be interleaved in succession such that the processed . As described in greater detail below in conjunc 
slices 152 / sub - slices 152 disparately cover the non - volatile 35 tion with FIGS . 5-7 , the computing device 102 can be tasked 
memory LBA range 204. For example , the context informa- with performing similar operations on successive slices 152 
tion 112 , as a whole , can be segmented into a total of three to the slice 152-1 in a round - robin , continuous fashion , to 
slices 152 ( e.g. , slice 152-1 , slice 152-2 , and slice 152-3 ) ensure that the context information 123 stored on the non 
and each slice 152 can be segmented into a total of three volatile memory 118 is largely up - to - date and can reliably be 
sub - slices 152 ( e.g. , sub - slices 152-1.1-3 , sub - slices 152- 40 rebuilt in the event of a power failure . As a brief aside , FIGS . 
2.1-3 , and sub - slices 152-3.1-3 ) . Continuing with this 4A - 4B will now be described , which illustrate additional 
example , and in view of the distribution illustrated in FIG . details with regard to how the formatted context information 
2 , the nine sub - slices 152 would correspond to the non- 160 and the format - agnostic context information 162 can be 
volatile memory LBA range 204 in the following order : managed , as well as how the information transmitted 
sub - slice 152-1.1 , sub - slice 152-2.1 , sub - slice 152-3.1 , sub- 45 between the volatile memory 106 and the non - volatile 
slice 152-1.2 , sub - slice 152-2.2 , sub - slice 152-3.2 , sub - slice memory 118 can be converted between these formats ( e.g. , 
152-1.3 , sub - slice 152-2.3 , and sub - slice 152-3.3 . Notably , as described above in conjunction with the conversion 
this approach can provide the benefit of a naturally load- procedures 304 ) to implement the techniques set forth 
balanced distribution of data across the non - volatile memory herein . 
LBA range 204 . FIG . 4A illustrates a conceptual diagram 400 of an 

Accordingly , FIG . 2 illustrates an exemplary approach example approach that can be used to implement the for 
that can be used to disparately distribute slices / sub - slices of matted context information 160 , according to some embodi 
context information over a sequential range of LBAs asso- ments . As shown in FIG . 4A , the formatted context infor 
ciated with the non - volatile memory 118 , according to some mation 160 for a given slice 152 — in particular , the slice 
embodiments . It is noted that this distribution is not a 55 152-1 — can involve utilizing , at most , first and second tier 
requirement of the embodiments set forth herein , and that entries that reference data stored within different sectors 410 
any approach can be utilized with regard to how the slices / of the non - volatile memory 118 , according to some embodi 
sub - slices are mapped to the non - volatile memory LBA ments . As shown in FIG . 4A , several tier 1 entries 402 
range 204 without departing from the scope of this disclo- associated with the slice 152-1 are depicted , where at least 

60 one of the tier 1 entries 402 — in particular , the tier 1 entry 
At this juncture , FIGS . 3A - 3C illustrate conceptual dia- 402-6_does not reference any tier 2 entries 404. Instead , 

grams 300 of an exemplary approach that can be used to the tier 1 entry 402-6 directly - references a particular sector 
output a slice 152 stored in the volatile memory 106 to a 410 of the non - volatile memory 118. According to this 
corresponding slice 154 stored in the non - volatile memory example , the tier 1 entry 402-6 can represent a “ pass 
118 , according to some embodiments . As shown in FIG . 3A , 65 through ” first - tier entry that corresponds to a contiguous 
a first conceptual diagram 300-1 involves the computing span of sectors 410 ( as described above in conjunction with 
device 102 being tasked with outputting ( 1 ) the context FIG . 1B ) . As also illustrated in FIG . 4A , at least one of the 
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tier 1 entries 402 — in particular , the tier 1 entry 402-2— carrying out a procedure to restore the coherency of the 
references at least one of the tier 2 entries 404 in particular , context information 123. It is noted that , in the interest of 
the tier 2 entry 404-1 . In this regard , the tier 2 entry simplifying this disclosure , the example scenario set forth in 
404-2 — along with any other tier 2 entries 404 that corre- FIGS . 5A - 5H involves a total of four slices , where each slice 
spond to the tier 1 entry 402-2 — establish an indirect refer- 5 is separated into four sub - slices . However , as previously 
ence between the tier 1 entry 402-2 and at least one sector described herein , the context information 112 / context infor 
410 of the non - volatile memory 118 . mation 123 can be separated into any number of slices / sub 

Accordingly , the indirection techniques described in con- slices without departing from the scope of this disclosure . 
junction with FIG . 4A can enable each LBA to refer to To provide a detailed understanding of the circular man 
content stored in the non - volatile memory 118 through only 10 ner in which the slices 152 are written from the volatile 
one or two levels of hierarchy , thereby providing a highly- memory 106 into the non - volatile memory 118 , a first step 
efficient architecture on which the various techniques in FIG . 5A occurs after a synchronization operation 504-1 is 
described herein can be implemented . To provide additional executed . According to some embodiments , each synchro 
understanding of the format - agnostic context information nization operation 504 can involve the computing device 
162 described herein , FIB . 4B illustrates a conceptual dia- 15 102 writing parity information into one or more of the log 
gram 450 of an example scenario that sets forth the manner band 120 , the context band 122 , or the data band 124 ( e.g. , 
in which the context information 123 associated with a given to implement data recovery / redundancy features ) . Each syn 
slice 154 in particular , the slice 154-1- can be stored in a chronization operation 504 can also involve writing , into the 
simplified manner ( relative to the formatted context infor- log band 120 , an identifier associated with a last slice 152 
mation 160 ) , according to some embodiments . As previ- 20 that was processed in its entirety - i.e . , where all sub - slices 
ously described above in conjunction with FIG . 1B , the 152 of the slice 152 were processed — which , as described 
format - agnostic approach can enable the context informa- below in greater detail , can enable the computing device 102 
tion 123 stored on the solid - state storage device 114 to be to identify an appropriate starting point when restoring the 
highly - flexible . In particular , the format - agnostic context context information 123 in response to an inadvertent shut 
information 162 can be stored in a simplified format that 25 down the compromises the overall integrity of the context 
describes the basic layout of data on the storage device 114 information 123. It is noted that the foregoing tasks imple 
relative to LBAs associated with the non - volatile memory mented by the computing device 102 when carrying out the 
118. This notion is illustrated in FIG . 1B , where the slice synchronization operations 504 are not meant to represent an 
154-1 includes a collection of band / offset / counter elements exhaustive list , and that the computing device 102 can be 
( NOBs ) 412 that collectively describe the manner in which 30 configured to carry out additional / common tasks without 
the data of the LBAs that correspond to the slice 154-1 are departing from the scope of this disclosure . 
distributed across the sectors 410 of the non - volatile Returning now to FIG . 5A , the first step occurs in con 
memory 118. It is noted that the collection of NOBs 412 junction with receiving and processing transactions 502-1 . 
represents one exemplary approach , and that a singular data As a brief aside , it is noted that each transaction 502 can 
component can be utilized to described the manner in which 35 represent one or more I / O requests that are directed toward 
the data of the LBAs that correspond to the slice 154-1 are the storage device 114. For example , a transaction 502 can 
distributed across the sectors 410 of the non - volatile involve writing , modifying , or removing data from the data 
memory 118 , without departing from the scope of this band 124 within the non - volatile memory 118. It is noted 
disclosure . that the foregoing example is not meant to be limiting , and 

Accordingly , FIG . 4B illustrates the manner in which the 40 that the transactions 502 described herein encompass any 
context information 123 can be stored in a simplified form form of I / O operation ( s ) directed toward the non - volatile 
to provide enhanced flexibility . In particular , the enhanced memory 118 of the storage device 114. Although not illus 
flexibility can be provided because the computing device trated in FIGS . 5A - 5H , it is noted that transaction informa 
102 can , when loading the context information 123 into the tion associated with each of the transactions 502 can be 
volatile memory 106 ( e.g. , during a boot of the computing 45 recorded within the log band 120 within the non - volatile 
device 102 ) , convert the context information 123 — which is memory 118 ( e.g. , by way of the log buffers 111 , as 
stored in a simplified form into any desired encoded previously described above in conjunction with FIG . 1A ) . 
format that increases the overall operational efficiency of the According to some embodiments , different log files can be 
computing device 102. In this regard , software / hardware managed within the log band 120 and can be used to store 
updates to the computing device 102 can be implemented 50 transaction information associated with the transactions as 
without requiring a complete re - encoding of the context they are processed . Moreover , redundant copies of log file 
information 123 , which otherwise might be required if portions can be stored within the log band 120 , thereby 
stored in an encoded format instead of the simplified format . improving the efficacy of recovery procedures even when 

At this juncture , FIGS . 5A - 5H provide conceptual dia- severe failure events take place . For example , for each log 
grams of an example scenario in which the various tech- 55 file portion stored on a first die of the non - volatile memory 
niques described herein can be utilized to improve the 118 , a copy of the log file portion can be stored on a second 
overall operational efficiency of the computing device 102 . ( i.e. , different ) die of the non - volatile memory 118. In this 
In particular , the example scenario illustrated in FIGS . manner , each log file portion can be recovered even when 
5A - 5E involves efficiently writing slices 152 ( i.e. , context the first or the second die fails within the non - volatile 
information 112 ) from the volatile memory 106 into the 60 memory 118 . 
non - volatile memory 118 as slices 154 ( i.e. , context infor- Returning now to FIG . 5A , it is noted that the satisfaction 
mation 123 ) as transactions are received and carried out by of one or more conditions e.g. , a threshold number of 
the computing device 102. Moreover , the example scenario transactions being received , an amount of time lapsing , a 
illustrated in FIGS . 5F - 5H involves the computing device particular functionality being executed ( e.g. , garbage col 
102 ( 1 ) encountering an inadvertent shutdown that compro- 65 lection , defragmentation , etc. ) , and the like can provoke 
mises the overall coherency of the context information 123 the computing device 102 to transition from processing 
stored in the non - volatile memory 118 , and ( 2 ) efficiently transactions 502 to managing the context information . 
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Moreover , various operational aspects of the computing by frequently switching between processing transactions 
device 102 can influence the manner in which the computing 502 and sequential portions of the context information 112 , 
device 102 transitions between processing the transactions the computing device 102 can maintain an overall rate of 
502 and the context information , as well as the manner in responsiveness while improving recovery opportunities in 
which the context information is segmented into slices / sub- 5 inadvertent shutdown scenarios . In this regard , the comput 
slices . For example , the computing device 102 can be ing device 102 can implement any technique that influences 
configured to implement any calculations for establishing the manner in which the transactions 502 are processed 
time metrics associated with the transactions 502 and utilize relative to the context information 112 to achieve desired 
the time metrics to effectively identify various configura- quality of service levels . For example , the computing device 
tions that can be implemented to achieve required perfor- 10 102 can segment the context information 112 into a large 
mance levels . In particular , the computing device 102 can number of slices 152 / sub - slices 152 that increases the over 
segment the context information into fewer slices / sub - slices all rate at which the computing device 102 switches to 
when the computing device 102 estimates that relatively few processing outstanding transactions 502 , at the potential cost 
transactions are ( or will be ) carried out on average by the of degrading recovery scenario viability . In another 
computing device 102. Alternatively , the computing device 15 example , the computing device 102 can segment the context 
102 can segment the context information into more slices / information 112 into a smaller number of slices 152 / sub 
sub - slices when the computing device 102 estimates that slices 152 that decreases the overall rate at which the 
many transactions are ( or will be ) carried out on average by computing device 102 switches to processing outstanding 
the computing device 102. In yet another example , the transactions 502 , while potentially improving recovery sce 
computing device 102 can analyze the types of transactions 20 nario viability . 
502 that are processed by the computing device 102 and Returning now to FIG . 5A , at the conclusion of step two , 
dynamically re - configure the manner in which the context the transactions 502-2 are processed by the computing 
information is segmented into slices / sub - slices . It is noted device 102 , which can affect any of the context information 
that the foregoing examples are not meant to represent an 112 to which the slices 152 ( and sub - slices thereof ) corre 
exhaustive list , and that any number of conditions , associ- 25 spond . Turning now to FIG . 5B , a third step can involve the 
ated with any aspects of the operation of the computing computing device 102 transitioning from processing the 
device 102 , can be considered to influence the manner in transactions 502-2 , to identifying ( 1 ) the current slice 152 
which the computing device 102 transitions between pro- being processed , as well as ( 2 ) a next sub - slice 152 of the 
cessing the transactions 502 and the context information- current slice 152 to be processed . As shown in step 3 of FIG . 
well as the manner in which the context information is 30 5B , the current slice 152 is still the slice 152-1 ( as not all 
segmented into slices / sub - slices — without departing from sub - slices 152 of the sub - slice 152-1 have been processed ) , 
the scope of this disclosure . and the next sub - slice 152 is the sub - slice 152-1.2 of the 
When this transition occurs , the computing device 102 slice 152-1 . In this regard , the computing device 102 can be 

can be configured to identify ( 1 ) a current slice 152 being configured to ( 1 ) parse the formatted context information 
processed ( e.g. , based on relative slice barriers 510 ) , as well 35 160 associated with the sub - slice 152-1.2 , ( 2 ) convert the 
as ( 2 ) a next sub - slice 152 of the current slice 152 to be formatted context information 160 into format - agnostic con 
processed . In this regard , and as will be made evident in the text information 162 , and ( 3 ) store the format - agnostic 
subsequent steps illustrated throughout FIGS . 5A - 5E , suc- context information 162 into a corresponding sub - slice 154 
cessive slices / sub - slices are written from the volatile within the non - volatile memory 118_which , as shown in 
memory 106 into the non - volatile memory 118 in a round- 40 FIG . 5B , is the sub - slice 154-1.2 . 
robin / continuous fashion . As shown in step one of FIG . 5A , Accordingly , when the sub - slice 152-1.2 is written to the 
the current slice 152 is the slice 152-1 , and the next sub - slice sub - slice 154-1.2 , the computing device 102 can transition 
152 is the sub - slice 152-1.1 of the slice 152-1 . In this regard , back to processing transactions 502-3 , if any , that are 
the computing device 102 can be configured to ( 1 ) parse the outstanding . This notion is represented in FIG . 5B by step 
formatted context information 160 associated with the sub- 45 four . At the conclusion of step 4 , the transactions 502-3 are 
slice 152-1.1 , ( 2 ) convert the formatted context information processed by the computing device 102 , which can affect 
160 into format - agnostic context information 162 ( e.g. , as any of the context information 112 to which the slices 152 
described above in conjunction with FIGS . 4A - 4B ) , and ( 3 ) ( and sub - slices thereof ) correspond . Turning now to FIG . 
store the format - agnostic context information 162 into a 5C , a fifth step can involve the computing device 102 
corresponding sub - slice 154 within the non - volatile memory 50 transitioning from processing the transactions 502-3 , to 
118which , as shown in FIG . 5A , is the sub - slice 154-1.1 . identifying ( 1 ) the current slice 152 being processed , as well 
As a brief aside , it is additionally noted that processing as ( 2 ) a next sub - slice 152 of the current slice 152 to be 

each sub - slice 152 of a given slice 152 can involve trans- processed . As shown in step 5 of FIG . 5C , the current slice 
mitting supplemental information without departing from 152 is still the slice 152-1 ( as not all sub - slices 152 of the 
the scope of this disclosure . For example , processing a given 55 sub - slice 152-1 have been processed ) , and the next sub - slice 
sub - slice 152 can involve transmitting metadata associated 152 is the sub - slice 152-1.3 of the slice 152-1 . In this regard , 
with the sub - slice 152. Moreover , it is noted that the the computing device 102 can be configured to ( 1 ) parse the 
sub - slice 152— in particular , the context information 112 to formatted context information 160 associated with the sub 
which the sub - slice 152 corresponds can be placed into a slice 152-1.3 , ( 2 ) convert the formatted context information 
“ locked ” state while the sub - slice 152 is updated / written 60 160 into format - agnostic context information 162 , and ( 3 ) 
from the volatile memory 106 to the non - volatile memory store the format - agnostic context information 162 into a 
118 to ensure that the state of the corresponding context corresponding sub - slice 154 within the non - volatile memory 
information 112 is not inappropriately modified . 118 — which , as shown in FIG . 5B , is the sub - slice 154-1.3 . 

Accordingly , when the sub - slice 152-1.1 is written to the Accordingly , when the sub - slice 152-1.3 is written to the 
sub - slice 154-1.1 , the computing device 102 can , at a second 65 sub - slice 154-1.3 , the computing device 102 can transition 
step , transition back to processing transactions 502-2 — if back to processing transactions 502-4 , if any , that are 
any — that are outstanding . As a brief aside , it is noted that , outstanding . This notion is represented in step six of FIG . 
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5B . At the conclusion of step six , the transactions 502-4 are text information 162 , and ( 3 ) store the format - agnostic 
processed by the computing device 102 , which can affect context information 162 into a corresponding sub - slice 154 
any of the context information 112 to which the slices 152 within the non - volatile memory 118 — which , as shown in 
( and sub - slices thereof ) correspond . Turning now to FIG . FIG . 5E , is the sub - slice 154-2.1 . 
5D , a seventh step can involve the computing device 102 5 When the sub - slice 152-2.1 is written to the sub - slice 
transitioning from processing the transactions 502-4 , to 154-2.1 , the computing device 102 can transition back to 
identifying ( 1 ) the current slice 152 being processed , as well processing transactions 502 , if any , that are outstanding . 
as ( 2 ) a next sub - slice 152 of the current slice 152 to be Accordingly , the various steps illustrated in FIGS . 5A - 5E 
processed . As shown in step 7 of FIG . 5D , the current slice provide a detailed understanding of the benefits that can be 
152 is still the slice 152-1 ( as not all sub - slices 152 of the 10 achieved through segmenting the context information 112 
sub - slice 152-1 have been processed ) , and the next sub - slice when writing it from the volatile memory 106 to the non 
152 is the sub - slice 152-1.4 of the slice 152-1 . In this regard , volatile memory 118. As previously described herein , these 
the computing device 102 can be configured to ( 1 ) parse the benefits can also apply to recovery scenarios in which an 
formatted context information 160 associated with the sub- inadvertent shutdown places the context information 123 
slice 152-1.4 , ( 2 ) convert the formatted context information 15 ( stored in the non - volatile memory 118 ) into an out - of - date 
160 into format - agnostic context information 162 , and ( 3 ) state ( relative to the data stored on the non - volatile memory 
store the format - agnostic context information 162 into a 118 ) , and where the transaction information stored in the log 
corresponding sub - slice 154 within the non - volatile memory band 120 can be utilized to place the context information 
118which , as shown in FIG . 5B , is the sub - slice 154-1.4 . 123 back into an up - to - date state . 
When the sub - slice 152-1.4 is written to the sub - slice 20 Accordingly , an example recovery scenario will now be 

154-1.4 , the computing device 102 can identify that all described in detail in conjunction with FIGS . 5F - 5H . In 
sub - slices 152 of the slice 152 have been processed , and that particular , a recovery scenario can be prompted at step 
a new synchronization operation 504 should occur . Accord- eleven of FIG . 5F , where an inadvertent shutdown 520 
ingly , at step eight in FIG . 5D , the computing device 102 can occurs after processing transactions 502-6 , but prior to 
carry out a synchronization operation 504-2 — which , as 25 processing the remaining sub - slices 152 of the slice 152 
described above , can involve the computing device 102 2 - i.e . , the sub - slices 152-2.2 , 152-2.3 , and 152-2.4 . In this 
writing parity information into one or more of the log band regard , the inadvertent shutdown 520 can cause a scenario in 
120 , the context band 122 , or the data band 124 ( e.g. , to which ( 1 ) at least one transaction that affects a given slice 
implement data recovery / redundancy features ) . The syn- 152 has been written into the log band 120 , and ( 2 ) the slice 
chronization operation 504-2 can also involve the computing 30 152 has not been written from the volatile memory 106 into 
device 102 writing , into the log band 120 , an identifier the non - volatile memory 118. In this scenario , the corre 
associated with the slice 152-1 to indicate that all sub - slices sponding slice 154 stored within the non - volatile memory 
152 associated with the slice 152-1 were effectively pro- 118 is out - of - date , as the state of the slice 154 does not 
cessed ( i.e. , converted / output from the volatile memory 106 appropriately reflect the least one transaction . Accord 
to the non - volatile memory 118 ) . In this regard , at the 35 ingly , it is necessary to restore the slice 154 to an up - to - date 
conclusion of processing a given slice 152 in its entirety , the state ( in accordance with the at least one transaction ) to 
computing device 102 can generate a key that corresponds ensure that the storage device 114 and the computing 
to the slice 1524e.g . , " SLICE_1 ” , “ 1 ” , etc. -and place the device 102 as a whole correctly reflect the state of data 
key into the log band 120. In this manner , the log band 120 stored on the storage device 114 . 
can be parsed at a later time to identify that the slice 152 was 40 Accordingly , FIG . 5F continues the example recovery 
the last - processed slice 152. As described below in greater scenario , and involves step twelve , in which the computing 
detail in conjunction with FIGS . 5F - 5H , the indication of the device 102 initializes a recovery procedure ( e.g. , during a 
last - written slice can enable the recovery techniques boot , reboot , wakeup , etc. , of the computing device 102 ) to 
described herein to be implemented in an efficient manner . restore the context information 123. As shown in FIG . 5F , a 

Turning now to FIG . 5E , at the conclusion of the syn- 45 step twelve can involve the computing device 102 identify 
chronization operation 504-2 , the computing device 102 can ing that the slice 154-1 was the last slice 154 that was 
resume processing outstanding transactions 502 and writing completely written i.e. , all sub - slices 154 thereof - from 
out subsequent slices 152 from the volatile memory 106 into the volatile memory 106 into the non - volatile memory 118 , 
slices 154 within the non - volatile memory 118. In this as not all sub - slices 152 of the slice 152-2 were processed in 
regard , and as shown at step nine of FIG . 5E , the computing 50 their entirety . As previously described above , the computing 
device 102 processes transactions 502-5 . At the conclusion device 102 can reference the log band 120_e.g . , the trans 
of step nine , the transactions 502-5 are processed by the action logs , the keys stored therein , etc. — to identify that the 
computing device 102 , which can affect any of the context slice 154-1 was the last - written slice 154. In turn , to carry 
information 112 to which the slices 152 ( and sub - slices out the recovery procedure , the computing device 102 can 
thereof ) correspond . Next , a step ten in FIG . 5E can involve 55 load the slice 154-2 into the volatile memory 106 ( as a 
the computing device 102 transitioning from processing the corresponding slice 152-2 ) . According to some embodi 
transactions 502-5 , to identifying ( 1 ) the current slice 152 ments , the computing device 102 can choose to load the slice 
being processed , as well as ( 2 ) a next sub - slice 152 of the 154-2 first because the slice 154-2 is the most out - of - date 
current slice 152 to be processed . As shown in step ten of slice 154 relative to the other slices 154 stored in the 
FIG . 5E , the current slice 152 is now the slice 152-2- as 60 non - volatile memory 118 , with the assumption that the slices 
processing the slice 152-1 is completed , but not all sub- 154 are written in a sequential , circular , and repetitive 
slices 152 of the sub - slice 152-2 have been processed and fashion ( e.g. , as described herein ) . In this regard , it can be 
the next sub - slice 152 is the sub - slice 152-2.1 of the slice efficient to restore the slice 154-2 first , as it is likely that the 
152-2 . In this regard , the computing device 102 can be slice 154-2 will require the most updates relative to the other 
configured to ( 1 ) parse the formatted context information 65 slices 154 . 
160 associated with the sub - slice 152-2.1 , ( 2 ) convert the Accordingly , as shown in step twelve of FIG . 57 — the 
formatted context information 160 into format - agnostic con- slice 154-2 is loaded into the volatile memory 106 as a 
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corresponding slice 152-2 . Notably , because the slice 154-2 grams that can be carried out to implement the various 
includes format - agnostic context information 162 , the com- techniques described herein , which will now be described 
puting device 102 can convert the format - agnostic context below in greater detail . 
information 162 to the formatted context information 160 , FIG . 6 illustrates a method 600 for managing context 
when loading the slice 154-2 to the volatile memory 106 as 5 information for data stored within a non - volatile memory of 
the corresponding slice 152-2 . In turn , the computing device a computing device , according to some embodiments . As 
102 can identify , e.g. , within the transaction information shown in FIG . 6 , the method 600 begins at step 602 , and 
stored in the log band 120 any transactions that ( 1 ) apply involves loading context information into a volatile memory 
to the slice 154-2 , and ( 2 ) occurred after the slice 154-2 was ( of the computing device ) from the non - volatile memory , 
last - written ( in its entirety — i.e . , all sub - slices 154 thereof ) 10 where the context information is separated into a plurality of 
from the volatile memory 106 to the non - volatile memory slices , and each slice of the plurality of slices is separated 
118. In turn , if the computing device 102 identifies any into a plurality of sub - slices ( e.g. , as described above in 
transactions using the foregoing criteria , the computing conjunction with FIGS . 1-2 ) . Step 604 involves writing 
device 102 can “ replay ” the transactions against the slice transactions into a log stored within the non - volatile 
152-2 stored in the volatile memory 106. This can involve , 15 memory ( e.g. , as described above in conjunction with FIGS . 
for example , updating first / second tier entries included in the 5A - 5E ) . Step 606 involves determining whether at least one 
slice 152-2 ( as described herein ) so that they reference the condition is satisfied ( e.g. , the conditions described above in 
appropriate areas of the non - volatile memory 118 ( in accor- conjunction with FIGS . 5A - 5E ) . If , at step 606 , it is deter 
dance with the transactions ) . mined that condition is satisfied , then the method 600 

According to some embodiments , when the transactions 20 proceeds to step 608. Otherwise , the method 600 proceeds 
have been effectively replayed , the slice 152-2 is in an back to step 604 , where transactions are received / written 
up - to - date state , and the slice 152-2 can be written from the into the log ( until the at least one condition is satisfied ) . 
volatile memory 106 to the non - volatile memory 118. Nota- Step 608 involves identifying a next sub - slice to be 
bly , because the slice 152-2 includes formatted context processed , where the next sub - slice is included in the 
information 160 , the computing device 102 can convert the 25 plurality of sub - slices of a current slice being processed 
formatted context information 160 to the format - agnostic ( e.g. , as described above in conjunction with FIGS . 5A - 5E ) . 
context information 162 , when writing the slice 152-2 into Step 610 involves identifying a portion of the context 
the corresponding slice 154-2 within the non - volatile information that corresponds to the next sub - slice , where the 
memory 118 ( as described herein ) . Additionally , the trans- portion is encoded in a first format ( e.g. , as described above 
action information stored in the log band 120 can be updated 30 in conjunction with FIGS . 5A - 5E ) . Step 612 involves con 
to reflect that the slice 154-2 has , in its entirety , been verting the portion from the first format to a second format 
successfully written . According to some embodiments , the ( e.g. , as described above in conjunction with FIGS . 5A - 5E ) . 
computing device 102 can implement this reflection by Finally , step 614 involves writing the portion into the 
executing the various functions related to a synchronization non - volatile memory . In turn , the method can return to step 
operation 504 ( as described herein ) . In this manner , if 35 604 , where additional transactions are processed , and where 
another inadvertent shutdown occurs during the recovery subsequent slices / sub - slices are processed in a round - robin 
procedure , the same updates made to the slice 154-2 during fashion . 
the restoration will not need to be carried out again , thereby FIG . 7 illustrates a method 700 for restoring context 
increasing efficiency . Alternatively , the slice 154-2 can be information when an inadvertent shutdown of a computing 
written from the volatile memory 106 into the non - volatile 40 device occurs , according to some embodiments . As shown in 
memory 118 in due course , e.g. , when the computing device FIG . 7 , the method 700 begins at step 702 , and involves 
102 resumes normal operation after the recovery procedure identifying , during a startup procedure ( e.g. , a boot , a reboot , 
is completed in its entirety . a wakeup , etc. ) , context information within a non - volatile 
At this juncture , it is noted that additional transactions 502 memory , where the context information is separated into a 

can potentially apply to one or more of the remaining three 45 plurality of slices , and each slice of the plurality of slices is 
slices 154-3 , 154-4 , and 154-1 . Accordingly , FIGS . 5G - 5H separated into a plurality of sub - slices ( e.g. , as described 
illustrate steps 13-15 of the recovery procedure , which above in conjunction with FIGS . 1-2 ) . Step 704 involves 
involve restoring each of the remaining three slices 154-3 , accessing a log stored within the non - volatile memory ( e.g. , 
154-4 , and 154-1 in accordance with the same procedures as described above in conjunction with FIGS . 5F - 5H ) . Step 
described in conjunction with FIG . 5F . For example , a step 50 706 involves carrying out steps 708-714 for each slice of the 
thirteen illustrated in FIG . 5G illustrates a recovery proce- plurality of slices . In particular , step 708 involves loading 
dure for the slice 154-3 that is carried out by the computing the slice into the volatile memory ( e.g. , as described above 
device 102. Additionally , a step fourteen illustrated in FIG . in conjunction with FIGS . 5F - 5H ) . In turn , step 710 involves 
5G illustrates a recovery procedure for the slice 154-4 that determining whether at least one transaction in the log ( i ) 
is carried out by the computing device 102. Additionally , a 55 applies to the slice , and ( ii ) occurred after a last write of the 
step fifteen illustrated in FIG . 5H illustrates a recovery slice into the non - volatile memory ( e.g. , as described above 
procedure for the slice 154-1 that is carried out by the in conjunction with FIGS . 5F - 5H ) . If , at step 710 , it is 
computing device 102. In turn , at step sixteen illustrated in determined that at least one transaction in the log ( i ) applies 
FIG . 5H , each of the four slices 154-1 , 154-2 , 154-3 , and to the slice , and ( ii ) occurred after a last write of the slice into 
154-4 have been properly restored , whereupon the comput- 60 the non - volatile memory , then the method 700 proceeds to 
ing device 102 / storage device 114 can enter back into a step 712. Otherwise , the method 700 proceeds back to step 
normal operating mode and process new transactions 502-7 . 706 , which involves processing a next slice ( if any ) of the 

Accordingly , FIGS . 5A - 5H provide conceptual diagrams plurality of slices , or the method 700 ends . Step 712 involves 
of an example scenario in which the various techniques updating the slice to reflect the at least one transaction ( e.g. , 
described herein can be utilized to improve the overall 65 as described above in conjunction with FIGS . 5F - 5H ) . At 
operational efficiency of the computing device 102. To step 714 , the computing device 102 writes the ( updated ) 
provide further context , FIGS . 6-7 illustrate method dia- slice into the non - volatile memory ( e.g. , as described above 
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in conjunction with FIGS . 5F - 5H ) . In turn , the method can readable code on a computer readable medium . The com 
proceed back to step 706 , which involves processing a next puter readable medium is any data storage device that can 
slice ( if any ) of the plurality of slices , or the method 700 can store data which can thereafter be read by a computer 
end . system . Examples of the computer readable medium include 

It is noted that this disclosure primarily involves certain 5 read - only memory , random - access memory , CD - ROMs , 
components of the computing device 102 carrying out the DVDs , magnetic tape , hard disk drives , solid state drives , various techniques described herein for the purpose of and optical data storage devices . The computer readable unified language and simplification . However , it is noted that medium can also be distributed over network - coupled com other entities can be configured to carry out these techniques puter systems so that the computer readable code is stored without departing from this disclosure . For example , other 10 and executed in a distributed fashion . software components ( e.g. , the OS 108 , applications 110 , 
firmware ( s ) , etc. ) executing on the computing device 102 

What is claimed is : can be configured to carry out all or a portion of the 
techniques described herein without departing from the 1. A method for restoring context information when an 
scope of this disclosure . Is further noted that these entities 15 inadvertent shutdown of a computing device occurs , the 
can be combined or split into additional entities without computing device comprising a volatile memory and a 
departing from the scope of this disclosure . It is additionally non - volatile memory , the method comprising , at the com 
noted that the various entities described herein can be puting device : 
implemented using software - based or hardware - based accessing context information stored in the non - volatile 
approaches without departing from the scope of this disclo- 20 memory ; and 
sure . Further , all or a portion of the techniques described for each portion of a plurality of portions of which the 
herein can be offloaded to another computing device without context information is comprised : 
departing from the scope of this disclosure . loading the portion into the volatile memory , 
FIG . 8 illustrates a detailed view of a computing device in response to identifying , within a log , that at least one 

800 that can be used to implement the various components 25 transaction ( i ) corresponds to the portion , and ( ii ) 
described herein , according to some embodiments . In par occurred after a last write of the portion into the 
ticular , the detailed view illustrates various components that non - volatile memory : 
can be included in the computing device 102 illustrated in updating the portion in the volatile memory to reflect 
FIG . 1. As shown in FIG . 8 , the computing device 800 can the at least one transaction and to produce an 
include a processor 802 that represents a microprocessor or 30 updated portion , and 
controller for controlling the overall operation of computing writing the updated portion into the non - volatile 
device 800. The computing device 800 can also include a memory . 
user input device 808 that allows a user of the computing 2. The method of claim 1 , wherein the log is stored in the 
device 800 to interact with the computing device 800. For non - volatile memory . 
example , the user input device 808 can take a variety of 35 3. The method of claim 1 , wherein : 
forms , such as a button , keypad , dial , touch screen , audio each portion of the plurality of portions stored in the 
input interface , visual / image capture input interface , input in non - volatile memory is encoded in a first format , and 
the form of sensor data , etc. Still further , the computing each portion of the plurality of portions loaded into the 
device 800 can include a display 810 ( screen display ) that volatile memory is encoded in a second format . 
can be controlled by the processor 802 to display informa- 40 4. The method of claim 1 , wherein each sub - portion of a 
tion to the user . A data bus 816 can facilitate data transfer plurality of sub - portions of a given portion of the plurality 
between at least a storage device 840 , the processor 802 , and of portions corresponds to a different , non - successive range 
a controller 813. The controller 813 can be used to interface of logical base addresses ( LBAs ) that are referenced by the 
with and control different equipment through and equipment context information . 
control bus 814. The computing device 800 can also include 45 5. The method of claim 1 , wherein each portion of the 
a network / bus interface 811 that couples to a data link 812 . plurality of portions is separated into a plurality of sub 
In the case of a wireless connection , the network / bus inter- portions in accordance with a quality of service ( QoS ) 
face 811 can include a wireless transceiver . metric to be satisfied by the computing device . 

The computing device 800 also includes a storage device 6. The method of claim 3 , further comprising , for each 
840 , which can comprise a single disk or a plurality of disks 50 portion of the plurality of portions : 
( e.g. , SSDs ) , and includes a storage management module converting the portion from the first format to the second 
that manages one or more partitions within the storage format prior to loading the portion into the volatile 
device 840. In some embodiments , storage device 840 can memory . 
include flash memory , semiconductor ( solid state ) memory 7. The method of claim 3 , wherein : 
or the like . The computing device 800 can also include a 55 the first format utilizes ( 1 ) a plurality of first - tier entries , 
Random - Access Memory ( RAM ) 820 and a Read - Only and ( 2 ) a plurality of second - tier entries , and 
Memory ( ROM ) 822. The ROM 822 can store programs , for a given portion of the plurality of portions : 
utilities or processes to be executed in a non - volatile manner . each first - tier entry of the plurality of first - tier entries 
The RAM 820 can provide volatile data storage , and stores references ( 1 ) an area of memory within the non 
instructions related to the operation of the computing device 60 volatile memory , or ( 2 ) at least one second - tier entry 
102 . of the plurality of second - tier entries , and 
The various aspects , embodiments , implementations or each second - tier entry of the plurality of second - tier 

features of the described embodiments can be used sepa entries references an area of memory within the 
rately or in any combination . Various aspects of the non - volatile memory . 
described embodiments can be implemented by software , 65 8. A non - transitory computer readable storage medium 
hardware or a combination of hardware and software . The configured to store instructions that , when executed by a 
described embodiments can also be embodied as computer processor included in a computing device , cause the com 
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puting device to restore context information when an inad- each second - tier entry of the plurality of second - tier 
vertent shutdown of the computing device occurs , by car entries references an area of memory within the 
rying out steps that include : non - volatile memory . 

accessing context information stored in a non - volatile 15. A computing device configured to restore context 
information when an inadvertent shutdown of the computing memory of the computing device ; and 

for each portion of a plurality of portions of which the device occurs , the computing device comprising : 
a volatile memory ; context information is comprised : a non - volatile memory ; and loading the portion into a volatile memory of the 

computing device , a processor configured to cause the computing device to 
in response to identifying , within a log , that at least one 10 carry out steps that include : accessing context information stored in the non - volatile transaction ( i ) corresponds to the portion , and ( ii ) 

occurred after a last write of the portion into the memory ; and 
non - volatile memory : for each portion of a plurality of portions of which the 

context information is comprised : updating the portion in the volatile memory to reflect 
the at least one transaction and to produce an 15 loading the portion into the volatile memory , 
updated portion , and in response to identifying , within a log , that at least 

writing the updated portion into the non - volatile one transaction ( i ) corresponds to the portion , and 
( ii ) occurred after a last write of the portion into memory the non - volatile memory : 9. The non - transitory computer readable storage medium 

of claim 8 , wherein the log is stored in the non - volatile 20 updating the portion in the volatile memory to 
reflect the at least one transaction and to pro memory . 

10. The non - transitory computer readable storage medium duce an updated portion , and 
of claim 8 , wherein : writing the updated portion into the non - volatile 

each portion of the plurality of portions stored in the memory . 

non - volatile memory is encoded in a first format , and 25 16. The computing device of claim 15 , wherein the log is 
stored in the non - volatile memory . each portion of the plurality of portions loaded into the 

volatile memory is encoded in a second format . 17. The computing device of claim 15 , wherein : 
11. The non - transitory computer readable storage medium each portion of the plurality of portions stored in the 

of claim 8 , wherein each sub - portion of a plurality of non - volatile memory is encoded in a first format , and 
sub - portions of a given portion of the plurality of portions 30 each portion of the plurality of portions loaded into the 
corresponds to a different , non - successive range of logical volatile memory is encoded in a second format . 
base addresses ( LBAs ) that are referenced by the context 18. The computing device of claim 15 , wherein each 
information . sub - portion of a plurality of sub - portions of a given portion 

12. The non - transitory computer readable storage medium of the plurality of portions corresponds to a different , 
of claim 8 , wherein each portion of the plurality of portions 35 non - successive range of logical base addresses ( LBAs ) that 
is separated into a plurality of sub - portions in accordance are referenced by the context information . 
with a quality of service ( QoS ) metric to be satisfied by the 19. The computing device of claim 17 , wherein the steps 

further include , for each portion of the plurality of portions : computing device . 
13. The non - transitory computer readable storage medium converting the portion from the first format to the second 

of claim 10 , wherein the steps further include , for each 40 format prior to loading the portion into the volatile 
portion of the plurality of portions : memory . 

converting the portion from the first format to the second 20. The computing device of claim 17 , wherein : 
format prior to loading the portion into the volatile the first format utilizes ( 1 ) a plurality of first - tier entries , 

and ( 2 ) a plurality of second - tier entries , and memory . 
14. The non - transitory computer readable storage medium 45 for a given portion of the plurality of portions : 

of claim 10 , wherein : each first - tier entry of the plurality of first - tier entries 
the first format utilizes ( 1 ) a plurality of first - tier entries , references ( 1 ) an area of memory within the non 

and ( 2 ) a plurality of second - tier entries , and volatile memory , or ( 2 ) at least one second - tier entry 
for a given portion of the plurality of portions : of the plurality of second - tier entries , and 

each first - tier entry of the plurality of first - tier entries 50 each second - tier entry of the plurality of second - tier 
references ( 1 ) an area of memory within the non entries references an area of memory within the 

non - volatile memory . volatile memory , or ( 2 ) at least one second - tier entry 
of the plurality of second - tier entries , and 

. 


